Introduction
Education and training that develops healthcare professionals' clinical reasoning skills is emphasized as an important strategy to improve diagnostic performance and reduce overt diagnostic errors. Registered nurses (RNs) play a key role in the diagnostic process while caring for patients. The performance of clinical reasoning among nurses is defined as "the process by which nurses collect cues, process the information, come to an understanding of a patient problem or situation, plan and implement interventions, evaluate outcomes, and reflect on and learn from the process" [1] . RNs with effective clinical reasoning skills may anticipate or identify deteriorating patients and prevent serious adverse events [1, 2] .
Recent demographic changes and care reforms [3, 4] have resulted in a change in healthcare delivery from hospital to home healthcare services, which has resulted in an increased number of patients with chronic diseases living at home. For instance, the group of patients with chronic obstructive pulmonary disease (COPD) is highly represented in home healthcare services. COPD is expected to become the third leading cause of death worldwide by 2030 [5] . Therefore, it is essential for home healthcare RNs to have a high level of clinical reasoning skills combined with evidence-based knowledge to provide effective and efficient clinical practice and to maintain high-quality nursing care [6, 7] .
To enable nursing students to respond effectively to the current changes in the healthcare environment, curricula and skills training need to adapt to the evolving healthcare needs in home healthcare services [8] [9] [10] . This includes an increased focus on improving nursing students' ability to prevent, recognize, and treat any deteriorating patients to avoid unnecessary hospitalization [3] . Furthermore, nursing education needs to provide simulation training where students are able to apply different types of knowledge in novel, authentic, and practice-based situations [6, 8, 10] .
Recently, simulation technology known as "serious games" (SGs) has appeared in the educational games market [11, 12] . SGs are computer-based simulations that combine knowledge and skills development with video game-playing aspects to enable active, experiential, situated, and problem-based learning [13] . SGs represent a learner-centered educational approach in which users control their learning process through interactivity [14, 15] . Recently, SGs have been proposed as a type of technology-enhanced simulation that may provide nursing students with an opportunity to practice their clinical reasoning and decision-making skills in a realistic and safe environment [14, 16] .
The usability issues of some SGs can negatively impact users' experiences and intended learning outcomes [17, 18] . Focusing too much on the development of the entertainment-based counterparts of an SG may result in sacrificing learning effectiveness. Learning may also be impaired if the SG has poor usability, which taxes the users' cognitive resources and decreases their motivation to play the game [17] . To ensure a user-centered design, it is important that the SG contents fit the intended users' learning objectives [17, 19, 20] . Therefore, it is important to conduct a usability evaluation as part of the development process to ensure the usability and learnability of the SG [17, 18, 21] .
Despite the growing number of SGs developed for healthcare professionals [15, 22] , limited research addresses the development process of SGs in the domain of nursing education [15, 23] . Few researchers have specifically addressed the domain of home health care [20, 24, 25] . Thus, the aim of this paper is to describe the design, development, and usability evaluation of a video based SG for teaching clinical reasoning and decision-making skills to nursing students who are caring for patients with COPD in home healthcare settings.
Materials and methods

Design and development of the SG
The SG prototype used in this study is a single-player online game that was applied to the Bachelor of Nursing program in the domain of home health care. This SG may be categorized under the genre of simulation games because it attempts to realistically mimic a particular clinical work environment [16, 22, 26] .
The development of the SG required a close collaboration with domain experts [22, 27] .
The development team consisted of a doctoral student and four Bachelor of Multimedia Technology and Design students. The development team collaborated with a RN practicing home health care, lecturers from the Bachelor of Nursing program, and a physician from a local hospital for quality assurance of the SG content.
In addition to the interdisciplinary collaboration with professionals within the university and from clinical practice, the development of the SG involved different considerations, processes, and technologies, which will be described in the following sections.
Target users
The target users of the SG were second-year Bachelor of Nursing students. Because the content and objectives of the SG needed to fit the users' knowledge and experience [2, 17, 22] , the syllabus was examined to determine their current expected level of competencies in anatomy, physiology, and subjects in medical treatment and nursing. Based on their level of use of computers and e-learning, we concluded that the nursing students' information and communications technology (ICT) skills were average or above average.
Educational content
In our study, the learning objectives of the SG were to increase nursing students' perception and confidence in clinical situations, to promote their systematic assessment of patients as well as choose appropriate actions in specific situations. In accordance with the clinical decision-making model proposed by O'Neill et al. [28] , the intention of the SG was to provide nursing students with a learning environment that promoted situated cognition and fostered experiential learning.
The SG prototype provided a video based simulated scenario set in a home healthcare clinical practice. The scenario was based on an RN's visit to a patient who was recently diagnosed with COPD. Information about the patient, cues about his condition, and different quiz-based tasks or questions were provided during the scenario. For example, users needed to provide the patient with information about his diagnosis, treatment, and exacerbation prevention. In addition, the user needed to respond to a situation in which the patient developed a noninfectious exacerbation of his COPD. Tasks and questions were based on evidence-based knowledge and the Bachelor of Nursing curriculum [29, 30] , and the formulation of questions was guided by Bloom's taxonomy of educational objectives [31] .
Bloom's Taxonomy categorizes learning into the domains of cognitive knowledge, psychomotor skills, and attitude. The cognitive domain consists of six major categories: knowledge, comprehension, application, analysis, synthesis, and evaluation [31] . To promote the development of clinical reasoning and decision-making skills, tasks and questions were formulated to encourage students to apply, analyze and synthesize knowledge based on cues in the scenarios.
User-computer interface design
To ensure a user-centered SG prototype design, we employed a unified framework of usability called TURF (Task, Users, Representation, and Function) [32] . In TURF, usability is referred to as "how useful, usable, and satisfying a system is for the intended users to accomplish goals in the work domain by performing certain sequences of tasks" [32] . This framework was developed for the healthcare environment and is often the underpinning framework for ensuring good usability within the design. Furthermore, it is often a method for usability evaluation. The TURF framework was used as a foundation when designing the different components (gameplay and rules, challenges, interaction, and objectives) of the SG described below.
The SG gameplay [22, 27] was designed for users to take part in a home healthcare RN's home visit to a patient. For increased fidelity, filmed video clips were used as the graphical basis, using a female RN and a person with COPD as actors. The intention was for a user to identify with the nurse [33] . The users interacted with the SG by watching a video based scenario (visual/audio) and by using a mouse or touchpad (physical) to solve different quizbased tasks or questions in the scenario [22, 27, 34] . Tasks and questions that fit the target user were employed to challenge and engage the user [22, 33, 34] and meet the SG learning objectives [2, 22, 26] . Variation in the types of questions (single or multiple answer and dragand-drop questions) were employed to increase immersion [33] . The rules of the SG [22, 27] were that users were allowed only one attempt for each task or question, and they needed to solve each task before they could continue with the scenario. The SG was linear; users did not have the autonomy to direct the RN and change paths based on their choices. Users were not able to harm the patient as a consequence of their poor choices.
Through their answers, the users dictated the actions for the RN character. When the users submitted their answer(s), the RN in the SG scenario provided feedback by demonstrating the proper things to do and/or say. In addition, users were able to view the correct answers through a link. Users received points for each correct answer, which were summarized and provided as a final score at the end of the scenario. The embedded assessment and feedback in the SG provided informed teaching and active, instructional learning [33] . A tutorial was provided before users started playing the SG to give them the necessary instructions about how to play the SG [34] .
Technology
The Bachelor of Multimedia Technology and Design students provided the necessary equipment and technical solutions to create the SG, such as video cameras and microphones.
Adobe Captivate 8, Adobe Premiere Pro CC, and Adobe Photoshop CS6 (Adobe Systems Incorporated, San Jose, CA, USA) were the development software programs used in this project. HTML5 (World Wide Web Consortium, Cambridge, MA, USA) was used for programming and uploading to an Internet address. An Internet address was used to avoid limiting students' access through the nursing course's online-learning platform, which made the tool available to collaborative institutions and universities and to RNs working in clinical practice. The SG was made available on several platforms, including personal computers, laptops, and the newest tablets.
Prototype development
The scenario was video recorded in an apartment at a nursing home facility. A home healthcare RN and a person with COPD participated as actors in the SG. As suggested by descriptions of each video and questions with correct answers was used as a manuscript. In addition, the actors were asked to improvise if needed.
The video clips and questions were assembled, and the necessary information and instruction of use were integrated. The SG was named "Jeg får ikke puste" (I cannot breathe).
As suggested by Olsen et al. [17] , the development process included repeated testing of the prototype prior to the usability evaluation. Screenshots of the SG prototype are presented in
Figs. 1-3 with permission from the actors. showing the correct answers when the user presses the "Fasit" button to pause the scenario.
Usability evaluation 2.3.1. Methods
The usability evaluation for the SG prototype involved both in-game and postgame assessment [36] and included the following methods: cognitive walkthrough evaluations, observations, a posttest usability questionnaire, and a follow-up interview with each participant.
The cognitive walkthrough method is used to explore how users interact with an interface, identify where and why problems occur, and suggest areas for improvement [21] .
During the usability evaluation, the participants were instructed to vocalize their thoughts when they were having difficulty and had questions or comments while interacting with the game. Users' interactions with the game were recorded using written notes, audio, and video recording [17, 18, 21] .
The survey instrument was developed based on 12 questions from the validated PostStudy System Usability Questionnaire (PSSUQ), which is a research instrument developed for use in scenario-based usability evaluations [37] . The TURF framework and research on the usability assessment of SGs were used to add and modify questions. The final questionnaire contained 20 questions. A seven-point Likert scale, ranging from strongly disagree (1) to strongly agree (7), was used. Two questions had negative wording [38] . The survey instrument was pretested [38] with four colleagues from health and social science departments.
A semi-structured interview guide for the follow-up interview was developed to evaluate user satisfaction and possible recommendations for improvements. Questions asked were: 1)
"What did you like best about the system?" 2) "What did you like least about the system?" 3)
"Can you recommend any changes to improve this system?" 4) "Would you recommend this way of learning to others?" and 5) "Any other comments?"
Recruitment
To assess all the components of TURF (task, user, representation and function) in the usability evaluation, a convenience sample of six participants was recruited: two third-year nursing students, two university lecturers from the Bachelor of Nursing program, and two RNs from home healthcare settings. Teachers and nurses were included because they could also be potential users and could identify possible flaws concerning the quiz-based tasks, the difficulty levels of the tasks, and the alignment with curricula and clinical practice. According to Lazar et al. [21] , six participants is an acceptable sample in usability evaluations, as long as the aim is to identify usability issues and improve a prototype.
Location and recording of data
The usability evaluation was conducted in a usability laboratory. The evaluation facility contained a test room and an observation room, with a one-way mirror between the rooms.
There was a laptop for task performance on a desk in the test room and two video cameras for recording the test. There were four computer screens in the observation room to follow the process in the test room. Two cameras in the test room recorded the audio and video of the participant and the computer screen, respectively, during the usability evaluation. In addition, all activities on the test computer screen were recorded. To enable participants to comment on survey questions and note possible flaws or ideas for improvement on the SG, the survey and interview were conducted in the test room after the usability evaluation was finished.
Evaluation team
The doctoral student acted as the test leader and moderator in the test room. In case of technical issues during the SG evaluation, one of the four bachelor ICT students was present in the test room. The three other bachelor ICT students were responsible for starting and ending the recordings as they followed the test session through the window and computer screens in the observation room. A technician was available if technical problems occurred.
Procedure
As suggested by Olsen et al. [17] , a pretest of the procedure was conducted before the actual usability evaluation. The pretest was conducted to test the equipment and the final pilot version of the SG and to practice the different roles in the usability evaluation.
Before the usability evaluation sessions started, each participant was asked to sign written informed consent. Next, the moderator gave a brief introduction to the content of the SG to participants before their cognitive walkthrough evaluation began. The following instructions were given: interact with the prototype, try to understand how to use the game without receiving any explanation, and vocalize your thoughts, feelings, and opinions about any aspect of the game [21] . The participants were informed that they could receive help from the moderator or technician if they encountered problems or could not manage to go further in the SG. Following the cognitive walkthrough usability evaluation, the participants were asked to complete the survey questionnaire and were interviewed.
Verbal data from both video and audio recordings were transcribed. A coding form [21] was employed during transcription of the videos to take notes on actions and issues related to the different tasks/questions presented during the scenario, such as the time to complete the scenario, the time to complete the different questions, and the number of errors made. These were recorded to identify questions that were perceived as difficult or complex or caused errors.
Analysis
Data from the usability sessions were analyzed using qualitative deductive content analysis [38] . The transcribed data were imported into QSR NVivo 10 (QSR International, Burlington, MA, USA). The text was reviewed and categorized into the different elements of the TURF framework and related Nielsen-Shneiderman usability heuristics [32] . To ensure consistency and reliability, the first author (moderator) conducted the usability evaluations, transcription, and analysis. However, the results from the analysis were reviewed and discussed within the research team.
Ethical considerations
The actors in the SG scenario signed an informed consent that indicated that the videos could be used for educational purposes within and outside the university. The SG was designed and developed in an ethical manner with regard to patient-healthcare professional interaction and how the actors appeared in the scenario [39] . Because the RN in the scenario was considered a potential role model, she did not demonstrate any incorrect responses in the scenario.
The participants in the usability evaluation received oral and written information about the usability evaluation with the assurance of confidentiality, and they signed an informed consent. Approval for the study was obtained from the Norwegian Social Science Data Service (no. 38298).
Results
The results from the cognitive walkthrough, survey, and interviews are presented according to the components of TURF [32] : "task" indicated whether the users perceived the system as easy to learn, easy to use, and error tolerant; "users" showed whether the users perceived the system as useful, usable, and satisfying; "representation" showed whether the users perceived the formats of representation of the system as usable; and "function"
represented the system's fit with a specific work domain and intended users [32] . The perceived representation or user-computer interface will be presented according to the following TURF-related usability heuristics [32] : consistency, visibility, match, minimalism, memory, feedback, flexibility, message, error, closure, undo, language, control, and document.
Tasks
The time to complete the scenario was between 27 and 40 minutes, with an average time of 32 minutes. However, as shown in Table 1 , most participants agreed that they were able to efficiently complete the tasks and scenarios using this system (median = 6) and disagreed that it was difficult to learn to use the SG (median = 1).
Table 1
Responses to usability scale statements (n = 6).
Statements:
Median (Range)
1. It was simple to use this system. 6 (6-7)
2. I was able to efficiently complete the tasks and scenarios using this system.
(5-7)
3. I felt comfortable using this system. 6.5 (5-7)
4. It was difficult to learn to use the system. 1 (1-6)
5. The information (such as online help, on-screen messages, and other documentation) provided with this system was clear.
(4-6)
6. It was easy to find the information I needed. 6 (3-7)
7. The information provided for the system was easy to understand. 10. The interface of this system was pleasant. 7 (6-7)
11. This system has all of the functions and capabilities I expected it to have.
(3-7)
12. The sequence/flow of the tasks in the scenarios was appropriate.
(6-7)
13. The system provided informative feedback during the scenarios.* 6 (3-7)
14. The healthcare-related concepts provided in the system were easy to understand.
(5-7)
15. The learning objectives in the scenarios were difficult to understand.
(1-3)
16. The tasks presented in the scenarios were clinically relevant.
(6-7)
17. The tasks in the scenarios had an adequate level 6.5 (6-7)
of complexity.
18. Overall, I am satisfied with this system. 6 (5-7)
19. Overall, I find the content of the system relevant for use in nursing education.
20. Overall, I find the content of the system relevant for use in healthcare organizations.
Scoring was based on a seven-point Likert scale from 1 = strongly disagree to 7 = strongly agree. *n = 5.
Three of the participants had some trouble knowing how to start the scenario. All participants perceived the drag-and-drop task about COPD medication to be too difficult and verbose. These findings were supported by the time it took to complete this task and the number of errors made by the participants. Five of the six participants did not notice a message at the bottom of the page stating they had only one attempt at the drag-and-drop tasks and could not alter their choices. Consequently, some participants became a bit frustrated and gave up trying to complete this task. However, one of the student participants stated that this question motivated her to learn more about these medications.
Five of the six participants did not notice the two buttons visible at the bottom of the page: one button link was for viewing the correct answers, and the other was for viewing values for measures conducted by the RN, such as pulse and respiration frequency.
Consequently, the agreement among the survey participants (Table 1 ) varied according to whether the organization of information on the system screens was clear (median = 5.5, range = 4-6), and whether it was easy to find the information they needed (median = 6, range = 3-7). Most participants eventually noticed the buttons because they were asked to view the measured values to judge the patient's condition. One of the participants said: "It was very straightforward and simple to use the buttons when I became aware of them." Two participants stated that even if they did not notice the button for viewing the correct answers, they felt they received the correct answers through the RN's demonstration in the scenario.
During the usability test, three of the six participants commented that they would like to be able to view their answers to evaluate what was right or wrong. The lack of functionality for receiving informative feedback about both correct and incorrect answers was also reflected in the survey responses.
Some participants felt that several of the answers on tasks concerning observations or interventions could be correct, even if they were not among the correct answers. Two participants said: "If measuring his blood pressure would not cause harm, I would have done that."
Users
From the results in the survey, five participants judged their computer skills as average and one as above average compared with other students/colleagues. Four out of six had experience with e-learning resources from the field of nursing. Only one had experience with a similar e-learning resource. Based on their experience with computers and e-learning, most participants agreed that the SG was simple (median = 6) and comfortable (median = 6) to use (Table 1) . Overall, most participants (median = 6) agreed that they were satisfied with the SG.
One participant perceived the variation in types of tasks/questions (multiple-choice questions and drag-and-drop tasks) as motivating. Both teacher participants thought this SG was an effective way of teaching students about caring for patients with COPD. However, one of the teacher participants found the game somewhat tedious and suggested that the scenario could be more "to the point."
Neither of the two student participants had experience with caring for patients with COPD in home health care during clinical placement in the Bachelor of Nursing program.
Both student participants stated that it would have been useful for them to play this SG before attending clinical placement in home health care. One of the students stated that it was useful to learn through the observation of situations in practice instead of just reading books about it.
In correlation with the student participants, the teacher participants thought it would be useful for nursing students to watch the communication between a patient and an RN in real situations and that the scenario presented relevant issues regarding patients with COPD that could help prepare students for clinical practice. The teacher participants thought this SG could be a good supplement to training in laboratory and clinical settings. All participants agreed that they would recommend this way of learning to others.
Representation
The results from the survey regarding the perceived user-computer interface, the sequence/flow of tasks, the organization/provision of information, and feedback in the SG is provided in Table 1 . Usability issues identified during the usability evaluation and interviews are presented according to the TURF-related usability heuristics [32] in Table 2 .
Table 2
Usability heuristics and issues identified during usability evaluation and interviews.* One of the participants stated: "The abbreviation of medication names was confusing because I have never used them before."
One of the participants said she had trouble understanding one of the questions because she was not Norwegian.
*Based on Nielsen-Shneiderman usability heuristics [32] .
Function
According to the survey response (Table 1) , all participants (median = 7) found the content of the SG relevant for use in nursing education and healthcare organizations and that tasks or questions presented in the scenarios were clinically relevant. The participants also agreed that the tasks/questions in the scenarios had an adequate level of complexity for the intended users (median = 6.5) and disagreed that the learning objectives were difficult to understand (median = 2). This was also expressed during the interviews. In addition, participants expressed that this was a realistic scenario from the domain of home health care
and that many important principles regarding care for patients with COPD were present. One of the teacher participants suggested that the SG could serve as a nursing student entrance test before clinical placement in home health care when further developed.
Discussion
Participants' perception of the SG
The participants perceived the clinical scenario in the SG as realistic. Overall, the content in the SG was perceived as clinically relevant for both students and healthcare personnel. The SG was perceived as useful, usable, and satisfying. However, usability issues were identified.
The use of video based scenarios with an RN and a person with COPD as actors contributed to creating a realistic scenario. Despite correlating evidence of positive experiences with simulations using standardized patients in nursing and medical education [40, 41] , a review of Internet-based simulations showed that video based scenarios have been used less than virtual simulations and that professional actors have most often been used to play patients in previous video based scenarios [16] . Simulated scenarios are also perceived to lack nurse caring aspects [42] because they often focus on teaching acute nursing care [43] [44] [45] . On the contrary, the participants in our study perceived that the video based SG managed to demonstrate the caring relationship between the RN and her patient and contributed to immersion.
In addition to providing realistic situations from clinical practice, the content of SGs needs to correspond with course material and learning objectives [33] . The student participants stated that they perceived the content in the SG to be clinically relevant and that it would have been useful to play the SG before attending clinical placement in home health care. Statements such as these correspond with evidence that the use of simulation training in home healthcare visits increased students' confidence to complete home visits [46, 47] .
To be able to teach clinical reasoning skills to nursing students, an SG should focus on enabling nursing students to develop the ability to understand the nature of a situation by detecting relevant cues and to take the appropriate action at the right time for the right reason [1, 6, 28] . Consequently, the SG scenario and the correct answers in the quiz-based tasks or questions were designed to comply with the appropriate actions to take in the particular situations in the scenario. For example, measuring the patient's blood pressure was not the most important assessment at an early point during the scenario and was therefore not among the correct answers. As described earlier, this correspondence between specific situations and correct answers was perceived as challenging by some participants. This result indicates that more feedback should be incorporated in the SG to explain why some actions were more essential and therefore more correct than others.
Another question in developing SGs for nursing education is whether the SG should provide users with the ability to choose incorrect answers deliberately and view the consequences of their choice. Some SGs provide this ability [35, 48] , while others [34] argue against it. As the RN in this SG plays herself and acts as a role model in the scenario, it would be unethical to request the RN to demonstrate the incorrect answers or to let the patient die.
An SG should provide sufficient feedback within the game [33] . As in the study by Kaczmarczyk et al. [35] , some participants wished for more feedback. Some participants wished for an explanation of why some answers were "more right" than others and wanted the ability to view both correct and incorrect answers. One important limitation of computerbased simulations compared with classroom simulations is the lack of debriefing after students have finished the scenario. Debriefing has been shown to be an essential component in simulation [49, 50] . To meet nursing students' need for in-game and/or endgame feedback in SGs, an alternative way to play the SGs could be in groups with a teacher present or providing debriefing after the participants complete the game.
Several usability issues were identified in the SG concerning functionality and usercomputer interaction. Similar to other studies, our usability evaluation revealed issues with the length of the videos, complex tasks, the lack of ability to skip back and forth in the scenarios [18, 35] , color schemes, layout, and wording [18] . Similar to the case in Kaczmarczyk et al. [35] , our SG had some technical glitches. These technical issues may have been attributed to the project's low-budget development, where Bachelor of Multimedia
Technology and Design students used Adobe Captivate 8, which did not provide all of the functionalities we had planned in the SG design. Consequently, the students had to make appropriate adjustments to the current version of Adobe Captivate 8. This caused some of the usability and technical issues identified in the usability evaluation. For example, participants could not undo drag-and-drop tasks or go back and view their answers, and the SG was not compatible with a Sharable Content Object Reference Model (SCORM). To be SCORMcompatible, the SG has to have the ability to be uploaded directly in a learning management system and to communicate with this system without modifications. Despite these technical issues, participants were still able to complete their assigned tasks successfully.
Improvements in the SG design were conducted based on usability issues identified during the usability evaluation [18] and what was possible within the scripted version of the Adobe Captivate 8 software. Based on lessons learned from this project and the theory employed in the study, Table 3 shows the considerations that should be employed in the SG design process.
Table 3
Usability principles to consider in SG design.* 
Methodological considerations and limitations
The results show that it is an advantage to combine different approaches such as theory in human-computer interaction, decision-making, and learning theory in SG design and evaluation. The different approaches employed correspond with the "four-dimensional framework" approach (learner specification, context, mode of representation, and pedagogic considerations) proposed by de Freitas and Liarokapis [19] for the development of educational games and simulation. However, as suggested by Thompson and Stapley [51] , we employed decision theory alongside pedagogical approaches. In addition, we employed a user-computer interaction design framework. The combination of the different approaches enabled us to design a usable, useful, and satisfying SG and to provide educational content and objectives for future measures of effectiveness of the SG. In accordance with Kato [52] and Vivekananda-Schmidt [39] , we also found it advantageous that the researchers were involved in the processes of design, development, and usability evaluation of the SG.
As proposed by Olsen et al. [17] and Mayer et al. [36] , a mixed-method approach was used in the usability evaluation of the SG prototype. The use of a mixed-method design provided comprehensive information about how the users perceived the SG and enabled us to identify possible improvements. However, widely used usability instruments valid for management tools and applications fall short when applied to SG applications [17, 18] . In accordance with Fossum et al. [53] and Fruhling and Lee [54] , we found questions from the PSSUQ instrument to be highly relevant in the usability assessment of the SG. Our survey instrument (questionnaire) was validated through pretesting on four colleagues from different disciplines within the health and social science departments. This resulted in rephrasing of difficult words such as "interface" and removing two questions that were too detailed. Three questions about positioning and experience with computers and e-learning resources were added.
Instead of summarizing the number of appearances of the predefined system and user event categories proposed by Moreno-Ger et al. [18] for the usability evaluation of SGs, we chose to employ well-established usability principles used in the heuristic evaluation [55] .
The researchers found it useful to employ the Nielsen-Shneiderman heuristics [32, 56] in the analysis of the data from the usability evaluation. However, some of the heuristics were perceived to be similar and overlapping, such as the heuristics "consistency" and "minimalism" in regard to the graphical user interface and "flexibility," "undo," and "control" in regard to user options within the SG. The researchers also found the heuristic "feedback" difficult to separate from the other heuristics because it could have included participants going back to review their own answers.
A possible limitation of this study is that most participants had experience with other elearning resources, which may have influenced their evaluation of the functionality of the SG.
However, in accordance with findings of other studies [35, 57, 58] , the participants perceived the interactive game-based learning resource as a good supplement to traditional learning methods.
Implications of results for SG design and clinical practice
The reported challenges that impact the ability to provide clinical teaching in current nursing education include limits in the resources and capacity of laboratory-based simulations; a lack of clinical placements; restrictions on the number of students placed in units; and clinical teaching of long-distance students [10] . SGs are computer-based simulations that allow healthcare professionals to experience situations that can be difficult to achieve in reality without compromising patient care or patient safety. In addition, SGs provide active, experiential, situated, and problem-based learning [13] . As the SG in this project proposes a method of enhancing nursing students' clinical reasoning, decision-making skills and evidence-based knowledge, it informs the discussion on how to improve nursing education and especially the transition of nursing students from training to practice [3, 8, 9] .
Furthermore, as this SG is developed in collaboration with professionals from home healthcare services, it may contribute to improving the match between RNs' education and the realities of clinical practice [8] .
This project shows that useful, usable, and satisfying SGs can be developed at a low cost by a multidisciplinary in-house team in collaboration with clinical practice. However, technical solutions are important features to consider when developing SGs [22, 34] . For example, it is important to choose design software that fits with the planned quiz-based tasks and questions and user-computer interaction. However, currently, there are few development tools (game engines and frameworks) designed specifically for SG development [59] . This has implications for the further exploration of potential design software appropriate for SG design.
Conclusion
The SG was perceived by the study participants as being useful, usable, and satisfying.
They proposed that the SG could serve as a supplementary tool to traditional training in laboratory and clinical settings. Using video based scenarios with an authentic COPD patient and a home healthcare registered nurse as actors contributed to increased realism. In addition, using different theoretical approaches in the SG design was considered an advantage of the design process. The achievement of the desired functionality and the minimization of usercomputer interface issues emphasizes the importance of conducting a usability evaluation during the SG development process. Further research will focus on the assessment of nursing students' perception of the face, content and construct validity of the SG prototype and their preferences for using this type of e-learning resource in nursing education.
The contribution of this paper is twofold: 1) it describes the development of an SG for nursing education in the domain of home health care, and 2) it provides a description of the development and evaluation process that may serve as a guide for others to develop more SGs to fit current educational program needs.
